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DECLARATION 

1, Martin Karclies, hereby declare and state that I am a Dr. Ing. (Ph.D.), having 
received my doctorate in Chemical Engineering from the University of Zurich, 
Switzerland (Eidgenosslsche Technische Hochschute Zurich). 

That I am employed by BASF SE in Ludwigshafen, Germany, 

That I have been working in the department of technical development on the 
development of reactors for the heterogeneous catalysis since 2004, 

That I have read and believe to have understood the Office Action dated November 

2. 2007, 

That the following experiments were made in accordance to my specific instnjctions 
under my personal supervision and that the results were as stated below: 

Experiment 1: 

600 g of a catalyst comprising 2% by weight of Ru02 on aluminum oxide support 
particles were installed in a tube reactor having a diameter of 4 cm and fluidlzed at 
340'C by means of 200 standard l/h of HOI and 100 standard l/h of O2. The HCI 
conversion was detennined at regular time intervals. As the period of operation 
increased, ever smaller conversions were detemiined, indicating that the catalyst 
became deactivated. 
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Experiment 2 



2 g of catalyst were supplied in an Isothermally operated fixed bed at (a) SOCC or (b) 
340°C witli an HCI/O2 mixture having a molar ratio of HCI : O2 of 2:1. Tlie HCI 
conversion was determined in eacfi case. 

At the same time, the HCI conversion was calculated by means of the equation 
shown below under the assumption of ideal flow through the fixed catalyst bed (plug 
flow). The reaction rate r indicates the number of mole of HCI reacted per second 
and g of catalyst. 



r= k°hinexp- 
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[n this equation; 



Parameter 


Symbol 


Value 


Std. dev. 


Unit 


Particle density 


Ppartide 


2300 




kg/m* 


Empty volume fraction of the 
bed 


e 


0.3S 






Reaction rate 


r 






mol/(kq«„ s) 


Collision factor 




8.00154x10* 


±8.20653 10^ 


moi/fkgcat s) 


Activation enerqy 




1.03490 X 10' 




J/mol 


Absolute temperature 


T 






K 


Gas constant 


R 


8.314 




J/mol/K 


Mole fraction of component ] 


Yl 






mol/mol 


Adsorption constant for 

chlorine 


Kci2 


0.01117 






Adsorption constant for water 


Kh20 


0.06356 






Adsorption constant for 
nitrogen 




7.9255 






Temperature dependence of 
the adsorption constant 




A. 2414 




K 


_ Partial pressure of component i 


Pi 






bar 


. Equilibrium constant 










Reference pressure 


P* 


1.013 




bar 



It could be estimated in this way that it is not possible to operate the catalyst 
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isothermally at 340oc in an industrial fixed bed (catalyst tubes having a diameter of 
2 cm). This is because the reaction rate is then so high in the initial region of the 
catalyst tubes that a hot spot is formed and the catalyst undergoes severe sintering 



there. 



On the other hand, the reaction rate at 300X is so low that the catalyst can be 
operated isothermally in an industrial fixed bed. 

Experiment 3 

The three process variants (1 ), (2) and (3) described below were studied: 

(1) 1.2 kg of catalyst are operated in a fluidized bed and supplied with 100 1/h of 
HCI and 50 l/h of Oz at 340*C. 

(2) 1 .2 kg of catalyst are operated isothermally at 300'C In a fixed bed and 
supplied with 1 00 l/h of HCI and 50 l/h of O2. 

(3) 0.6 kg of catalyst are operated at 340°C in a fluidized bed. The fluidized-bed 
stage is followed by a fixed-bed stage in which 0.6 kg of catalyst are operated 
isothemially at BOO'C. 

The conversions achieved in the fluidlzed-bed reactor were determined 
experimentally. The conversions achieved in the fixed bed were calculated with the 
aid of the calculated reaction rate r under the assumption of Ideal flow (plug flow). 

The conversions determined are shown in the table below for a period of operation of 
1 week, 2 months and 1 year. 



HCI conversion 


After 1 week 


After 2 
months 


After 1 year 


After replacement 
of the catalyst in 
the fluidized bed 


(1) 


78% 


71% 


63% 




(2) 


f59% 


59% 


59% 




(3) after fluidized- 
bed staae 


66% 


58% 


50% 


66% 


(4) after fixed-bed 
stage 


75% 


69% 


63% 

- 


75% 



15/04/2008 10:30 +496214227131 



ISENBRUCK MANNHEIM 



S. 07/07 



Result: 



The combination (3) of a fluidized-bed stage at 340°C and a fixed-bed stage at 300°C 
gives higher HCI conversions than a pure fixed-bed stage (2) at 300'C. Even after 
one year, the same conversion is achieved by means of the combination (3) as when 
a pure fluidized-bed stage (1) is used. The advantage of the combination (3) over 
purely fluidized-bed operation (1) Is that only half of the catalyst has to be replaced 
since only the catalyst of the fluidized-bed stage becomes deactivated. The other half 
of the catalyst in the fixed-bed stage does not become deactivated. The combination 
(3) therefore represents, at constant conversions, a more economical mode of 
operation than purely fluidized-bed operation (1). Compared to purely fixed-bed 
operation (2), higher conversions are achieved. 

I declare, that all statements made in this declaration of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that wilful false 
statements and the like so made are punishable by fine or imprisonment or both 
under Section 1001 of Title 18 of the United States Code and that such wilful false 
statements may jeopardize the validity of the application or any patent issuing 
thereon. 



Ludwigshafen, d'.!^:J'0^^ 

Martin Karches 



